Background: Treatment by statins is well established for primary and secondary prevention of cardiac events but may be hazardous for patients with heart failure (HF). Aim: We studied the long-term (20 years) association between baseline low-density lipoprotein cholesterol (LDL-c) levels and clinical outcome in patients with severe HF. Design: Patients were divided into those with plasma LDL-C levels 110 mg/dl (Group 1) or >110 mg/dl (Group 2). Methods: The mean follow-up of 305 study patients with advanced HF who had an average NYHA score of 2.7 was 11.3 years (range 15 months to 20 years). Mortality during follow-up was 43%. Results: Patients with the highest baseline LDL-c levels had significantly improved outcome, whereas those with the lowest LDL-c levels had the highest mortality. This paradoxical effect was prominent in patients <70 years old. The negative association of LDL-c levels and mortality was most conspicuous among the HF patients who were treated with statins. Discussion and Conclusion: Long-term follow-up findings showed that low LDL-c levels may predict a less favorable outcome in advanced HF, particularly in patients <70 years old and those taking statins. This negates the protocol of following an aggressive LDL-c-lowering strategy in younger patients with HF.
Background
Low-density lipoprotein cholesterol (LDL-c) is an established major cardiovascular risk factor and one that is associated with increased mortality in adult populations. 1, 2 Treatment by statins is well established for primary and secondary prevention of coronary events. [3] [4] [5] There is conflicting data regarding reduction of LDL-c. Many clinical investigations showed that high concentrations of LDL-c were associated with increased mortality. 6 Several pre-clinical and clinical studies recommended the use of statins in HF [7] [8] [9] for lowering cholesterol levels. Statins induce an improvement in endothelial dysfunction and down-regulation of inflammation, both of which are involved in the pathophysiology of HF. [8] [9] [10] However, many controlled studies showed opposite results for the reduction of cholesterol by statins, pointing to the possibility that they may be hazardous in HF patients. Ubiquinone (Q10), which is well known as a vital product of the cardiac mitochondrial respiration chain, participates in ATP production harboring anti-oxidant effects and it is reduced in patients with congestive HF (CHF). 11 Treatment with statins has been shown to reduce ubiquinone levels and thus could be potentially harmful. Moreover, according to the endotoxinlipoprotein hypothesis, LDL-c and triglyceride-rich particles are capable of buffering endotoxins that are powerful promoters of inflammatory cytokine release. 10, 11 Reduction of LDL-c may lead to increased susceptibility to infections that are common among patients with CHF. [6] [7] [8] In contrast, many clinical studies [5] [6] [7] [8] [9] [12] [13] [14] [15] as well as anecdotal studies 11, [16] [17] [18] [19] [20] [21] [22] have shown that treatment with statins is associated with improved outcome in patients with HF. The large CORONA study 17 reported that rosuvastatin treatment did not reduce cardiovascular death from different etiologies, such as non-fatal myocardial infarction and non-fatal stroke in older patients with systolic HF. Although autopsy studies suggested that acute coronary disease can be found in 33% of patients who died from pump failure, rosuvastatin did not have any effect on mortality from HF. 17 In the current longitudinal 20-year follow-up study, we examined the baseline LDL-c levels as an unfavorable prognostic factor in patients with advanced but clinically controlled HF who were or were not managed by statin treatment.
Materials and methods
The participants in this prospective study were enrolled from the specialized outpatient HF clinic at Tel-Aviv Sourasky Medical Center. Initial baseline blood samples for lipid profiles, kidney function tests and hemoglobin levels were obtained between January 1998 and July 2001. All compliant consecutive HF patients were recruited. Systolic HF was defined as a left ventricular ejection fraction (LVEF) <40% by echocardiography or Tc99 scan ventriculography. At the first visit, all patients were examined by a cardiologist and data of the following were obtained: medical history, medications, physical examination including blood pressure, pulse, weight, New York Heart Association (NYHA) class, echocardiography and Tc99scan ventriculography. They were followed-up by a cardiologist from the HF unit every 3 months or more as needed. Exclusion criteria were cancerous disease with metastases, advanced dementia, acute inflammatory disease, end-stage renal failure or severe cerebrovascular disease. The endpoint of the study was all-cause mortality. The study was approved by the institutional ethics committee (No-0554-17-TLV) and each subject provided informed consent to participate.
Statistical analyses
Categorical variables were described using frequency and percentage. Continuous variables were evaluated for normal distribution using histograms and Q-Q plots. Normally distributed continuous variables were described as mean and standard deviation, and skewed variables were expressed as median and interquartile range. The length of follow-up was described using a reverse censoring method. LDL was divided into tertiles, and the lower tertile value was used as cut-off value. Patients with LDL under that value were compared to those above this value. We compared the lower tertile to the two upper ones using a single threshold value since we believe that low LDL (<110) is a strong predictor of mortality even when it is compared to patients with LDL > 110.
The mean age was used to divide the age into categories, above and under the mean age. The independent samples t-test and the Mann-Whitney test were used to compare continuous variables. Categorical variables were compared using the chi-square test or Fisher's exact test. Kaplan Meier curves were used to describe mortality over time, and the log-rank test was used to compare between categories. The multivariate cox regression was used to evaluate associations between LDL categories and all-cause mortality. The multivariate cox regression was comprised of three blocks: the first block included the LDL category to describe the crude association, the second block included age and gender to describe the association after controlling for age and gender, and the third block included variables that were selected using a backward stepwise method (likelihood ratio as criteria). Hypertension (HTN), diabetes mellitus (DM), ischemic heart disease or myocardial infarction (IHD/MI), left ventricular ejection fraction (LVEF), valve disease, chronic atrial fibrillation(CAF), transient ischemic attack or cerebrovascular accident (TIA/CVA), percutaneous transluminal coronary angioplasty or coronary aortic bypass graft (PTCA/CABG), smoking status, New York Heart Association (NYHA) class, creatinine, albumin, CRP, Triglycerides and Nt-proBNP were considered for inclusion in the third block. We repeated the regression separately in patients under 70 years of age and in older patients. All statistical tests were two-tailed. A P level < 0.05 was considered statistically significant. All statistical analyses were performed using SPSS (IBM Corp. 
Results
A total of 334 consecutive outpatients diagnosed as having HF, and treated in the heart failure unit, were found suitable to be enrolled in the study according to the exclusion and inclusion criteria. Of them, 29 were excluded because of noncompliance or absence of follow-up information. The remaining 305 patients comprised the study cohort. Their mean follow-up was 11.3 years. The duration of HF ranged from 15 months to 20.5 years. Table 1 describes the general patient characteristics, including their demographic and clinical data, comorbidities, mediations and functional NYHA class. The patients' mean age was 70.3 years (range 38-90), 73.8% were males, 74% had ischemic cardiomyopathy, 18.4 had valvular disease: (9% had aortic stenosis, 5.4% had mitral regurgitation due to left ventricular dilatation, 3% had tricuspid insufficiency due to left heart failure and 1% had calcified mitral stenosis) and 72% had systolic dysfunction. The mean LVEF was 35% and their mean NYHA was 2.7. The mean number of clinical visits during follow-up was 24.3. Forty percent of the patients had a confirmed diagnosis of type 2 diabetes mellitus, 60.2% had HTN and 30.5% were smokers. To determine the predictive value of LDL on mortality, we divided the study patients into two groups according to LDLc levels: levels: 110 mg/dl for Group 1 and > 110 mg/dl for Group 2. The demographic data demonstrated that the Group 1 patients were slightly younger than those in Group 2 (69 vs. 72 years old, respectively), but that they did not differ in any of the clinical or laboratory characteristics except for lipid profile, monocytes and diuretic treatment. There were no differences in the prevalence of NIDDM, HTN, IHD, C-reactive protein and or even in N-terminal pro b-type natriuretic peptide (Nt-proBNP). Table 2 lists the patients' characteristics according to LDL cholesterol (110 mg/dl and >110 mg/dl). Figure 1 displays the Kaplan-Meier survival curves which showed significant differences according to LDL cholesterol levels below and above 110 mg/dl in all of the patients during the 20 years of follow-up: patients with higher LDL-c survived 21% more than those with LDL less than 110 mg/dl. In addition, there were more prominent differences in the Kaplan-Meier survival curves for patients under 70 years old or younger as compared to those above 70 where the differences were not significant (Figure 2a and b) during a period of 6 years survival of patients 70 years with LDL 110 was 88% as compared to 68% in mixed patients group.
Regarding the patients with valvular disease there were no differences in survival according to LDL-c: survival of the patients with LDL 110 mg/dl was 53% at the 20 years follow up, and survival of those with LDL> 110 mg/dl was 55% (P > 0.24). Table 3 displays the univariate and multivariate analysis of the association between LDL-c and mortality in both study groups. The adjusted (for different clinical and demographic parameters) hazard ratio (HR) of 1.479 (P ¼ 0.037) was the highest between LDL and mortality. The LVEF and NYHA class for Group 2 had lower HRs (0.985 and 1.516, respectively, P < 0.03) than for Group 1. The univariate and multivariate analyses of the association between LDL-c and mortality for the patients 70 years of age revealed that the HR for LDL-c was even higher, reaching a value of 4.475 (P ¼ 0.002) ( Table 4) in comparison to older patients -aged above 70 were HR did not reach significance (P > 0.05). Other significant HR in this group was seen only in pro BNP -1.009, P ¼ 0.015, NYHA class 2.650, P ¼ 0.032 and CAF-HR -3.780, P ¼ 0.027. There were no significant differences with respect to mortality in association with total cholesterol levels, triglycerides and HDL-c levels which are associated with longer survival in ischemic heart disease. 3, 4, 9, 13 To determine group differences in survival, we separately examined patients who were treated with statins separately according to the age ( 70 and> 70 years old) from those who were not: the former showed the same pattern as the entire cohort taken together (adjusted to risk factor-related diseases, revascularization procedures and NYHA class). Thirty two percent of patients 70 years old who were treated with statins(LDL 110) showed 32% 20 years survival (Figure 3a) , whereas patients > 70 years old and a higher LDL > 110 level was associated with better prognosis-63% 20 years survival (Figure 3b) .
Forty-three percent of the patients died during the 20-year follow-up. The LDL-c levels of the patients who died were significantly lower (P < 0.002) compared to the levels of those who were alive at the end of the follow-up period.
Discussion
Similarly to short-term reports on patients with HF, 8, [10] [11] [12] [13] [17] [18] [19] the results of the current long-term study showed that low baseline LDL-c levels (of patients who were and were not treated by statins) are a significant predictor of worse outcome in both ischemic and nonischemic HF patients. This effect was also consistently found after adjusting for multiple established clinical and laboratory predictors of HF mortality, such as Nt-proBNP, CRP albumin, creatinine, history of diabetes and others. Moderately elevated LDL-c levels remained the most significant independent predictor of better long-term survival, while low total cholesterol and was not significant in predicting mortality. Statin therapy for patients with HF who maintained lower LDL-c levels showed a similar trend of increased mortality over the entire study follow-up period as it was reported previously. Horwich et al. 19 showed an inverse relation between total cholesterol and mortality in patients with HF and systolic dysfunction. Several studies on elderly populations demonstrated that lower LDL-c levels were associated with an increase in allcause mortality. 28, 29 Lipids and lipoproteins may play a protective role in HF by modulating the inflammatory markers, such as CRP, cytokines, oxidized LDL, TNF-alpha and interleukin 6. 18, 25, 30, 31 Earlier reported pleiotropic effects of LDL cholesterol can bind the endotoxin and liposaccharide components of infectious agents which are more common in severe HF (e.g. bacteria that enter across the edematous epithelium of the bowel) and neutralize them by detoxification, thus inducing down-regulation of an inflammatory process, and deactivate these destructive leukotrienes and cytokines. 18, 32 Overall, these studies suggest that LDL-c has protective functions against all different kinds of infections. In contrast to other similar studies, 9, 26, 27, 32, 33 while patients in the current study had various levels of LDL-c, they tested as having similar and normal levels of albumin, creatinine, hemoglobin and body mass index, all of which are established markers of the nutritional state and normal CRP levels. These factors are thus not likely to have biased our findings. Cardiac cachexia alone as result of advanced HF may not fully explain the paradoxical association of LDL-c and survival. 18 We believe that the main mechanism that predicts survival in HF patients is not ischemic but pump failure, which is the final stage of coronary artery disease. Our longitudinal study confirms that low LDL-c levels are an adverse prognostic factor in advanced HF, and it also extends these findings to include ischemic and non-ischemic patients as well as those with decreased, as well as preserved, LVEF. These findings are especially relevant to the guidelines which suggest that patients with a low LVEF due to severe coronary atherosclerosis require an aggressive lipid-lowering pharmacological approach. Further studies will be needed to resolve this apparent paradox, but such research will be difficult to perform because of the current widespread use of statins for the treatment of patients with atherosclerosis.
Conclusion
The long-term results of the current study showed that lower levels of LDL-c were associated not only with unfavorable prognosis, as had been widely reported, but also with worse longterm outcome in a population of patients with advanced and clinically controlled HF. They were particularly prominent for the group of patients under 70 years of age and the patients taking statins. Our findings oppose the use of an aggressive LDL-clowering strategy in patients with HF.
